seq ue n t rep ort d etai led the progr ession and h ist ol ogic patterns o f a co ngen ita l m elanocytic tumor on the withers ofa Quarterhorse.' Two horses with congenital melanomas were later described as malignant neoplasms, d esp it e an apparently benign course following surgica l excision." In this report, the te rm m elano cytoma will be used to con nota te a benign m elanocyti c tumor (benign m elanoma). W e will review the signalment and histopathologic features of four congen ital and 14 acquired melanocy tic tumors in horses less th an 2 yea rs of age. Subseq ue nt additional information o f th e biological behavior was obtained for 15 of the tumors.
M elanocytic tumors of th e horse have been recogni zed since the ea rly l 800s. 9 They oc cur most commonly in the perineum of aging gr ey and white hors-eS,5.9,12. 17. 19.22 and rarely in horses under 6 years of'age.' >! '
In a surv ey of 2 36 eq uine neoplasms, nine m elanomas we re found." None o f th e m elanoma s were diagnosed in horses under 2 years of age. While some surveys indicate a higher incidence of m elanomas in males," others sh ow no sex predilection.v" The reported incide nce of m elanomas in aged horses may be falsel y lo w since th ey are eas ily recognized grossly and therefore not submitted for histopathologic examination;" While m elanomas occur most co m mon ly in aging grey horses, they have be en reported in neonates of a va riety of sp ecies including pigs," COWS,13.15,18 and, recently, horses.'>? Four congen ital eq uine m elanomas-"
Following the diagnosis of a melanocytic tumo r with hisand one conge n ita l melanotic papillomas have been tologic features of malignancy from a young horse (case No. re ported . The report of the melanotic papilloma wa s I), a retros pective survey was don e on the New York State from a 5-day-old foal; however, no histologic d escrip-College of Veterinary Medicine's (NYSCVM) pathology fil es tion was provided.' The first report of a malignant for additional cases of melanocytom as from young horses. co ngeni ta l m elanoma de scribed an in va sive tumor with T he search was lim ited to horses less than 2 years of age to lymphatic m etastasis in a 6-m on t h-old horse.' A sub-exclude the more common melanoma of aged horses. Fifteen 363 Table 1 . Occurrence, location, and behavior of me lanocytomas in 18 additional cases (case Nos. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] that had been submitted to the NYS CVM betwe en 1977-1 990 were identified . Case Nos . 17 and 18 were submitted to Maryland Medical Lab during the study. A total of 18 melanocytomas were reviewed , and follow-up information was requ ested from the referring veterinarians. All 18 cases were biopsi es sent by clinical vet erinarians for histopathologic evaluation to NYS CVM or Maryland Medical Laboratory, Inc. All tissue s were fixed in 10% neutral buffered formalin , routinely processed , and stained with hematoxylin and eosin . Sections of each tumor were also bleached of melanin pigment to enable exam ination of cellular and nuclear morphology and restained with hem atoxyl in and eosin.
Additional information was obtained by sending a brief qu estionnaire to all veterinarians who submitted case material. Veterinarians not responding to the q uestionnaire were contacted by telephone.
Results

S ignalment
A total of 18 horses less than 2 years of age with diagnoses ofcutaneous melanocytomas were identified ( Table 1 ). The age of the horses at the time of biopsy ranged from 3 weeks to 2 years. Of the 18 horses, four of the horses had congenital tumors, 11 were reported to develop melanocytomas by I year of age, and three horses acquired the melanocytomas between 1 to 2 years of age. Females accounted for 13 of the 18 cases. Twelve females had acquired melanocytomas, and one had a congenital melanocytoma. Of the five male horses, thre e had congenital tumors, and two had acquired. The number of cases per breed of horse was six Thoroughbreds, four Arabians, two Morgans, two Quarter-horses, two mixed breeds, and one each of Pony and Andalusian. Coat colors were known for 15 of the 18 horses and consisted of six grey horses, four bay, two sorrel , and one each of liver, roan, and chestnut. In examination ofthe location ofthe solitary tumors, nine were on the legs, eight on the trunk, and one on the lower eyelid. No tumors were in a perineal location.
Histopathologic findings
Tumors were categorized based on tissue location. Five tumors were in the dermis, and ten involved both the epidermis and dermis. The location ofthree tumors in respect to the epidermis cou ld not be determined due to severe ulceration (case Nos. 4, 9) or because the biopsy material was from a tru -cut biopsy need le (case No. 10). The size of the tumors were infrequently reported in the accompanying clinica l histories, the greatest dimension of the neoplasm on histologic sections ranged from 4 mm to 16 mm . Tumors involving both the epidermis and dermis protruded above the adjacent normal skin as a raised, hairless, ulcerated, plaque-like mass (Fig. 1 ). The extent of epidermal involvement in the neoplastic process was difficult to ascertain in some cases due to the extensive ulceration commonly present. Some tumors had marked involvement of the epidermis and hair follicles with nests of neoplastic melanocytes within the germinal cell layer as well as in the lumen of the follicle (Fig. 2) . None of the tumors were encapsulated, and, while most had well demarcated margins, several had thin projections of finger-like extensions of neoplastic cells into the dermis. Dermal melanomas were located in the superficial dermis, as well as in the deep dermis. The deeper neoplasms were not ulcerated and tended to have more discrete margins ( Fig. 3 ). Invasion of the panniculus was not observed.
Cell morphology varied from epithelioid to spindle cell, with some tumors having both types . There was no association between tumor location within the skin and cell type. Ten of the melanocytomas were predominantly epithelioid cell type ( Fig. 4 ). Seven tumors had both epithelioid cells and spindle cells admixed. Frequently, the spindle-shaped cells would tend to isolate the epithelioid cells into small nests or islands of cells ( Fig. 5 ). One tumor with a mixed epithelioid and spindle cell population (case No.6) had a prominent spindle cell component that formed a neural pattern ( Fig. 6 ). Only one tumor had a predominantly spindle cell pattern (case No. 16, Fig. 7) .
The cellular pattern of the tumors varied dependent upon the predominant cell type. Melanocytomas with predominantly epithelioid cells tended to form small nests of cells varying from 3 to 5 cells in diameter ( Fig.  2 ) up to effacing sheets of cells ( Fig. 4) . Several of the tumors had nests with cystic areas . Spindle cells, whether as a component ofthe mixed epithelioid/spindle tumors or from the spindle cell tumor, formed short streams that varied in cell density and thickness. Some spindle cell streams blended into the epithelioid areas, while others tended to encircle the epithelioid component ( Fig. 5 ).
The nuclei of the cells were typically large, round to oval , and euchromatic. There was a mild degree of nuclear pleomorphism. Several tumors contained scat-tered multinucleated tumor cells. Typically, the neoplastic melanocytes contained I to 2 nucleoli. Mitotic figures ranged from very rare to 2/high-powered field.
Melanophages were present in all the tumors. They were admixed with neoplastic melanocytes or in the /f.,-, adjacent dermis as dense infiltrates (Fig. 3 ). Melanophages had small angulated nuclei located on the periphery of the cell with large amounts of melanin pigment in the cytoplasm . Following melanin bleach, the cytoplasmic melanin pigment within melanophages still reta ined the brownish color, while the neighboring neoplastic melanocytes had clear cytoplasm.
Follow-up information
Follow-up information that ranged from I month to 8 years post-operatively was obtained in 15/18 cases . Fourteen horses had no evide nce of recurrence at the surgical site nor any ev idence of metastasis. On e tumor (case No. 16) was not completely resected and continued to grow in an aggressive manner. Due to the size, location (metatarsal III) , and aggressive nature of the mass, medical therapy (Cimetidine) was attempted to reduce the tumor prior to a second surgical removal. Despite treatment, the mass continued to grow , and th e owners elected euthanasia. No necropsy was done to determine the ext ent oflocal invasion or metastasis.
Discussion
Cutaneous melanocytic tumors aris e from melaninproducing cells normally located at the epidermal-dermal junction.!? Mel anocytes within th e dermis have also been implicated in causing melanocytic tumors." In the human literature, melanocytic tumors are divided into meJanocytic nevi (benign) and melanomas (malignant). Nevi are further subdivided based on tissue location. Nevi involving the epidermis alone are called junctional ne vi, those involving both the epidermis and dermis are classified as compound nevi , and tumors located within the dermis are dermal. Additional classifications of more specialized ne vi are reviewed in the human literature. 1,2. 1 I In the veterinary literature, melanocytic tumors have been colle ctively referred to as melanomas with a benign or malignant modifier. A recent trend is to classify benign melanocytic tumors as melanocytomas and reserve melanoma for malignant tumors. 17 A similar terminology ofjunctional, compound, and dermal can be combined with melanocytomas to identify the tissue location. For the purpose of this report, benign melanocytic tumors ar e referred to as melanocytomas. While this terminology would indicate a benign behavior, the potential for malignant transformation with metastasis needs to be considered for most melanocytic tumors. 17 The literature on equine melanocytic tumors stresses the high incidence of tumors in aged grey horses. Typically , the tumors are multiple and involve the perianal region and the underside of the tailbase. 5 ,9, 12, 17 Tumors are also com m only found on the vul va and on the penil e sheath.>? Th e clinical description is usually that of a slowl y enlarging, firm dermal mass, generally covered with intact epidermis. v' -! ' Histologic examination reveals proliferation of pigmented spindle-shaped or dendritic melanocytes with large numbers of melanophages." A slow metastatic spread to internal organs occurs in many cases.v" Th ere ar e sev eral scattered reports of melanocytic tumors in young horses. Cotchin>briefl y mentioned a melanotic papilloma in a 5-day-old foal. Levine? reported solitary melanomas in atypical sites (leg and flank) in three grey horses under 3 years of age. A large (15 ern diameter), congenital pigmented nevus was reported over the withers of a Quarterhorse that had a history of slow progressive growth over 2 years attaining a size of 30 ern in diameter at necropsy.' Two congenital "malignant" melanomas ha ve been reported ,? one occurring in the perineal region of a grey femal e foal , and one on the lateral thorax ofa black male Appaloosa. Both animals were follow ed post-operati vely for 15 months and 3 years, respe ctively, with no ev idence of recurrence or metastasis. The onl y report of a truly malignant congenital melanoma in a hors e in volved a male foal with a midlumbar mass.' By 6 months of age the ulcerated tumor measured 30 x 20 x 10 ern and extended into the retroperitoneal space. At necropsy, metastases were found in the abdominal and thoracic lymphatics and lymph nodes. Th e malignant congenital tumor was of dermal origin and had a spindle cell pattern with a low mitotic index.
Ofthe 18 tumors in this report, four were congenital, ten were observed during the first year , and four were first noticed when the horses were between 1 to 2 years of age. Potentially, some of the 14 acquired lesions ma y actually represent unobserved congenital lesions. Thirteen of the 18 horses were femal e. This contrasts with previous reports of melanoma in aged horses, in which a male predominance was found by some authors," while others reported no sex predilection.v!? The five mal es with melanocytomas consisted of three congenital and two acquired tumors. The females, however , accounted for onl y one congenital tumor and 12 acquired , suggesting a greater predisposition for acquired melanocytomas in females. Breeds of horses involved also varied from previous reports. Arabians are among th e breeds with the highest incidence of melanocytic tumors in aged horses.v-" This may be related to the frequency ofgrey coat colors of Arabian horses. In this study, Thoroughbreds accounted for six cases and Arabians, four cases. The rest of th e horses were divided between four other breeds.
Coat color of th e horses were also at variance to reports of melanomas in older horses. Grey horses accounted for six of the case s and bay-colored horses for four cases. Three horses did not have coat color information , and the rest of th e cases were of varied coat colors. In the follow-up period, on e of the bay horses is now grey (horse No. 13). A more prolonged followup might identify additional horses whose color changes to grey with age.
Another di stinctive feature of the melanocytomas in young horses is their solitary occurrence at a variety of sites with an absence of tumors in the perianal region. Ulceration of th e neoplasms was also a fairly common feature in th e young horses, yet is not frequently seen in aged horses with melanocytic tumors. "
The characteristic histologic features of th e tumors reported here include nests and cords ofpredominantly epithelioid cells , mild to moderate cellular pleomorphism, large euchro m atic nucl ei with 1-2 prominent nucl eoli , occasional occurrence of binucleate cells , low mitotic rate, variable degrees ofpigmentation, frequent ep ithelial involvement, and epidermal ulceration. Although the cellular patterns varied between tumors, th ere was no consistent pattern distinguishing congenital from acquired neoplasms histologically. Melanophages were present in variable numbers, but rarely eq ualed or exceeded the number of tumor cells. In veterinary pathology, many of these features suggest a malignant neoplasm; however, th e majority of these tumors were benign on follow-up, despite their histol ogic appearance.
While the melanocytic tumors of aged grey horses have been compared to the blue nevus of human beings ,9,1 0,1 7 the melanocytomas of young horses have features that resemble both the benign juvenile nevus and the acquired melanocytic nevi of human beings. The more pleomorphic equine melanocytomas of this report res emble the benign juvenile melanoma (also called a compound nevus ofSpitz), which is most common in children, but can occur in adults.' > Benign juvenile melanomas are classified bas ed on location within th e skin as junctional involving just the epidermis (9.5%); as compound, with involvement of'epidermis and dermis (66 %); or dermal, with tumor confined to th e dermis (24%).21 They have a va ried cell population ranging from primarily spindle to primarily epithelioid. They ha ve characteristically large , sometimes multinucleated, pleomorphic cells (nevus cells) , and freq uent mitotic figures. 4 • 11 • 21 Du e to their pleomorphism and mitotic figures , benign juvenile melanomas in human beings can be difficult to distinguish from malignant melanornas.v"
The majority ofthese melanocytomas in young horses most closely resemble acquired melanocytic nevi (nevocytic nevus, nevus cell nevus) of human be ings. In human beings, acquired melanocytic nevi can also be junctional, compound, or dermal in location.v"" Acquired melanocytic nevi in human beings appear shortly after birth, with peak incidence at 2 to 3 years of age, and again at puberty." Histologic features these nevi share with the equine tumors include cellular pleom orphism, large nuclei, binucleate cells , mitotic figures , epidermal involvement, and variable pigmentation . The neural pattern observed in horse No.6 ( Fig.  6 ) is similar to acquired nevi in human beings in whi ch th ere is a component resembling Schwann cells (neural nevi). 11,20 These "neural" cells in human tumors ha ve been shown to contain tyrosinase, and thus are considered ne vus cells rather than Schwann cells."
The age range ofincidence ofthese equine melanocytomas is not known. In this study, cases were deliberately chosen from horses under 24 months of age at th e time ofdiagnosis. It is very likely that these tumors occur in horses over 2 years ofage, The solitary tumors in atypical sites reported by previous authorsr-'> may well have been benign melanocytomas. Whether meta stasis or more local invasion would have occurred if all of these tumors were not removed is not known.
A total of 147 melanomas were diagnosed in the skin of horses (regardless of age) from 1977 through 1990 at th e New York State College ofVeterinary Medicine. The incidence (181147) of the melanocytomas of young horses may be falsely high due to the ease of clinical identification of melanomas in older horses (hence fewer submissions for histopathologic examination) and th e higher probability of submission of pigmented masses from younger animals.
Of th e 18 horses, th e longest delay in excisional biopsy was 5 months. Based on both th e malignant congenital m elanoma previously reported? and case No. 16 of this report, it is also apparent that not all melanocytic tumors in young horses are benign; therefore , early excisional biopsy is warranted. More studies will be necessary to better define the characteristic clinical and histologic features of melanocytomas in the young horse.
